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Abstract 
Near infrared femtosecond laser - material interactions such as multiphoton ionization and plasma formation provide the 
possibility to perform 3D nanoprocessing in a variety of organic and non-organic materials. Sub-100 nm structures that are 
more than one order smaller than the laser wavelength and therefore far below Abbes diffraction limit can be generated on 
the surface and inside the bulk. Compared to conventional extreme ultraviolet lithography, multiphoton technology provides 
the chance to produce 3D nanofeatures much simpler, less expensive, more flexible, and even inside transparent bulk 
material. Rapid prototyping and low power nanosurgery are two examples of applications of this novel nonlinear 
nanotechnology tool. This paper provides an overview of projects within Germany regarding to multiphoton generation of 
sub-100 nm structures.    
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1. Motivation / State of the Art 
Miniaturization is a key focus on laser-matter interaction research. Sub-100 nm features e.g. for silicon 
wafer structuring are typically generated by ultraviolet lithography. Alternatively, "UV effects" can be 
generated by intense near infrared light due to multiphoton absorption processes. For example, the "classical" 
photoresist SU8 can be excited with near infrared (NIR) light based on non-resonant two-photon and three-
photon absorption processes at high GW/cm2 peak intensities. At even higher intensities, direct writing, cutting, 
drilling, and ablation can be performed. 
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When using very short laser pulses such as 10 femtoseconds, the required high intensity can be achieved 
with laser scanning microscopes at a mean power as low as 10 mW [1, 2]. This opens the way of a new 
nanoprocessing method for biotechnology, biology, and medicine. The journal Nature Photonics titled this 
approach as "low-power nanosurgery" [3].  
Interestingly, sub-100 nm features can be generated with NIR fs lasers in a variety of materials such as silicon 
wafers, glass, and polymers. The material can be either directly removed often by plasma formation or be 
modified by refractive index changes e.g. by melting effects or photochemical effects. For example, fs laser 
exposure of glass or ITO may alter etching rates. This can be used to produce sub-100 nm nanowires.  
This review reflects the results of current projects funded for six years by the German Science Foundation 
(DFG) within the priority program SPP1327 titled "Optically generated sub-100 nm structures for biomedical 
and technical applications" [4]. 
2. Experimental 
A scheme of a nanoprocessing and imaging femtosecond laser microscope is shown in Fig. 1 [5]. NIR 10 fs 
laser pulses from a 80 MHz Ti:sapphir oscillator were coupled into an inverted microscope equipped with 
galvoscanners, piezodriven NA1.3 focusing optics, motorized stage, CCD camera for laser beam monitoring, 
and photomultipliers for time-correlated single photon counting and spectral imaging of two-photon 
fluorescence. The laser nanoprocessing system employs chirped-mirror technology to maintain the ultrashort 
pulse width at the sample (12 fs). The pulse width can be modified to higher values by insertion of glass 
wedges or glass blocks within the beam path. Furthermore, a motorized module for Bessel beam generation for 
a prolonged focus based on an axicon lens can be placed into the beam path for deep drilling.  
Other experimental set-ups for sub-100 nm processing utilizes temporally tailored femtosecond laser pulses [6], 
the near field of laser trapped particles [7], interference phenomena [8], and nanoantenna arrays [9].   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Nanoprocessing and nonlinear imaging 12 fs laser scanning microscope. 
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3. Results and Discussion 
NIR lasers such as tunable Ti:sapphire lasers in combination with microscopes, interferometers, or nano- 
and microparticles as well as tips can be employed for the production of structures one order smaller than the 
laser wavelength ( /10). Applications include the production of plasmonic devices such as nanogratings, 
nanoscaled silica, glass, gold films, carbon, and implants as well as ITO nanowires. 3D polymerization for 
rapid prototyping and laser transfection by transient sub-100 nm holes can be performed.  
Low mean power 3D nanoprocessing and nonlinear imaging can be performed when using sub-20 fs near 
infrared laser pulses (Fig. 2). This opens the way for compact low cost femtosecond laser resonators in material 
processing, nonlinear laser scanning microscopy, and medical multiphoton tomography.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Low power nanosurgery of human chromosomes. 
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